Free Zones are defined as areas that are partially or totally exempt from legal and administrative regulations relating to many aspects such as commercial, financial and economic areas existing in the country. These areas are set up to promote industrial and commercial activities, export-oriented investment and production, accelerating foreign direct investment and technology transfer, directing exports to businesses and developing international trade (Ministry of Economy, Republic of Turkey). Sustaining the efficiency of Free Zones is crucial since they steer both regional and macro economies in the country. If a Free Zone is not able to provide the employees of its member firms with financial well-being and begin to rely on governmental bodies to operate, then it is very likely for that Free Zone to be a burden on the economy and become inefficient in terms of output/input ratio. In this study, a data envelopment analysis is applied to measure the efficiencies of 18 Free Zones in Turkey within the scope of a project conducted in partnership with the Eastern Black Sea Regional Development Administration (DOKAP) and policies are suggested as reflected by the sensitivity analyses of their respective mathematical models. 9 out of 18 Free Zones have been found inefficient, 3 of them showed a rate smaller than 20%. It is seen that most of the Free Zones are not at desired exportation levels. Moreover, some of them having the efficiency ratio closer to 1 actually do not have satisfactory export levels.
Introduction
Free Zones are special areas where a more relaxed business environment is offered by government through specific tax exemption and various other incentives such as easy access to ports, freedom to operate like other national firms, discounted banking transactions, discounts or full exemption from value added taxes, prolonged stay of goods in ports, free use of convertible currencies, less restrictions on quality of goods and services, and making use of any other opportunities that are provided for local firms (Jenkins, 2005) .
In Turkey, all kinds of activities such as research and development, manufacturing, software, general trading, storing, packing, banking and insurance can be performed within Free Zones. Investors can benefit from rented offices and warehouses, joint ventures of foreign companies can benefit from all the advantages that are open to the Turkish private sector, and they can also enjoy great discounts that are provided to promote trade volume. If they are managed successfully, they can also be used for political purposes (Jenkins, 2005) .
First attempts to set up Free Zones managed to bear fruit in 1985 and Mersin, Antalya, and Ege Free Zones were established in the following two years. Data regarding their establishment and generation are provided in Table 01 . Studies regarding their importance and efficiencies are limited, and those that discuss efficiency dynamics do not use mathematical models extensively.
Data envelopment analysis (DEA) is used extensively for making decisions on a non-parametric basis where decision makers seek for a point beyond which a decision unit is considered satisfactory or unsatisfactory based on some criteria. Studies and concepts are provided in Section 2. In Turkey, the self-enclosed economic structure continued until 1980s, after which it shifted to trade policies focusing on export (Tumenbatur, 2012 There are also studies regarding the negative impacts of FZs on socio-economic structures of countries such as uncontrolled population increase, lack of necessary housing and irregular urbanization (Bakan & Gokmen, 2014) . They are also criticized in terms of regional trade imbalance and increase in imports rather than exports. Studies regarding impacts of FZs include foreign capital, competitiveness, export and employment (Young & Miyagiwa, 1987; Peng & Vellenga 1993; Manezhev, 1995; Bolin, 1997; Wei, 1999; Marangoz & Icerli, 2000; Haywood, 2004) . More analyses can be seen in Hamada (1974) , Hamilton and Svensson 1982, Young (1987) , and Chaudhuri and Adhikari (1993) .
In Turkey, studies argue that FZs increase domestic trade rather than global (Kocaman, 2007; Atik, 1998) , that their impact is very low on foreign trade (Bakan, 2014; Arslan & Yaprakli, 2007) , and that interest in them will decrease by increasing globalization (Ozturk, 2013) . Further studies can be found in Karaduman ve Yildiz (2012) , Kadi (2015) regarding impacts in different dimensions, and in Bakan and Gokmen (2014) for Gaziantep FZ, in Hava (1999) for Ege FZ, in Akova (1999) for Mersin FZ, in Ay (2009) for Bursa FZ and in Orhan (2003) for Kocaeli FZ.
As for efficiency measures, Kabakoz (2012) develops a regression analysis while Kavlak (2012) provides a basis for evaluating visionary efficiency of Free Zones. Demirci and Tarhan (2016) provides a CCR and BCR based approach to determine the efficiencies of FZs, which we also made use of in evaluating our own inputs and outputs. 
where hk denotes the efficiency of decision unit k, urk denotes the weight for output r of decision unit k, vik 
Research Method
This section provides information about how data is collected regarding the Free Zones and the mathematical model that we employed in evaluating the efficiencies for each of the Free Zones.
Determination of Inputs, Outputs and Decision Units for Data Envelopment Analysis
We will be considering 18 Free Zones that are actively working and have the associated FZ status as reported by the Ministry of Economy. In this research, the primary data was collected from 33 face-toface, in-depth semi-structured interviews that were conducted with managers of FZ firms (11), related regional directorates of the Ministry of Economy (10) and operator firms of FZs (8) Since phone interviews can be regarded as secondary to face-to-face interviewing, arranged phone interviews were made for additional information regarding Input 1. Furthermore, website research is used 5 to obtain secondary data such as mission, vision and other published strategic documents. Surveys and phone interviews as well as literature benchmarks yielded 4 types of inputs and 2 types of outputs, which are provided in Figure 01 . Industrialization is determined by the number of firms in a Free Zone, whereas total number of employees refers to total labour force. Input 4 includes both the firms with 100% foreign capital and/or firms as partner companies with local firms. Our outputs are defined as total export volume defined as the monetary value of any goods and services exported abroad and total trade volume, which, in addition to export volume, also covers purchasing activities and financial values of transactions.
Solving the Mathematical Model of DEA and Computing Efficiencies
The mathematical model given also in (1) through (5) is then defined based on our inputs (m=4), outputs (s=2) and decision units (n=18), the Free Zones. Excel Solver is employed to solve 18 mathematical models associated with 18 Free Zones consecutively. The efficiencies are computed in Table 02 efficiency is because their outputs (exportation + total volume of trade) are USD $10M and USD $100.2M, which are low although the two FZs are in good condition in terms of institutionalism, number of industrial capacity reports, number of foreign firms and number of employees. These rates are lower than 0.5, and output levels based on considered data are very unsatisfactory. Izmir Free Zone is located in a remote location, Menemen and has a rate of 0.16, which is, according to our field research, due to poor transportation and road structure.
Findings
Based on the sensitivity analysis reports as a result of the solutions of our mathematical models, inefficient Free Zones yielded their reference FZs, whose frequencies are provided in Figure 02 . Thus, Trabzon Free Zone is the mostly referenced FZ by being referenced 9 times by the inefficient Free Zones.
Before providing other FZs, we should point out the distinct case of Trabzon FZ, where there is only one firm that accounts for the 99% of trade and export in that Free Zone, totalling around $500M in export.
Since the firm dominates the Free Zone alone and is the only steering firm in the FZ, Trabzon's efficiency is conditional, and in fact it cannot be considered as efficient. All these findings are derived from the indepth interviews with the stakeholders. Trabzon is followed with 6 times by Ege and by with 5 times by Adana. Rize is not referenced by any of the inefficient Free Zones. We also obtain the percentages for increases in export level and total trade volume by solution dairies of our mathematical problems. The percentages are given in Table 03 . Table 03 . To illustrate, Istanbul Trakya Free Zone reaches the efficiency level of 100% by increasing its export level by 8,1%, which it can manage to achieve by amounting its total trade volume to 9,8% more than the previous value. Note that these values are random; in order to obtain the optimal values for both outputs, correlation analysis and regression studies must be performed. If we assume a linear relationship between export and total trade (which is not the case in our study because otherwise it would not have made sense to consider them as two distinct outputs), and if the model also assigns equal weights to outputs, then we can say half of the percentages given in Table 03 would be sufficient to reach the efficiency level of 100%. 
Conclusion and Further Discussion
Free Zones are special areas where a more relaxed business environment is offered by government through specific tax exemption and various other incentives from easy access for ports to discounts or full exemption from value added taxes, prolonged stay of goods in ports, free use of convertible currencies and less restrictions on quality of goods and services. Since they are in pioneering roles in boosting economy, their efficiency plays a vital role especially in labour force and production context. This study differs from other studies in that it incorporates mathematical modelling concept into data envelopment analysis where the methodology is applied to Free Zones. Data availability was very important to conduct the analyses, which, most of the time, restricts the decision makers from doing a comprehensive research. As for outputs, we directly considered export and total trade in order to evaluate FZs in economical basis, and we included multiple inputs and outputs in our model. An extension of this study may be including other output factors such as employment, which is originally an input. Further studies may as well consider regional dynamics as total trade volume largely depends on various factors such as regional development and proximity to inports and ports. As for our case, we did not consider regional development on purpose, aiming to seclude the study from very high variances caused by different scales and very different aspects of FZs within the same region.
A difficulty for the study was to determine the correct Non-Archimedean epsilon which can make a problem infeasible or cause some variables to take negative values if not defined. Sometimes we had to make the number so small in order for the problem to be feasible, and we relaxed the assumption of infeasibility in order to evaluate all FZs according to larger acceptable range. Rize FZ, as a result, proved inconsistency because, even if the efficiency rate is 1, number of employees is less than 10, and the model assigns the larger weight to this input, leading to efficiency. In fact, Rize does not have a managing firm and is ruled by the regional directorate of the Ministry of Economy, and the number of employees does not refer to real employment data, and since their export rates are actually low, they should be labelled as inefficient. That applies to Trabzon FZ as well, where a single firm is considered to evaluate the efficiency of a whole FZ. This means that we should have additional information regarding our decision units even though we have the data and are ready for analysis, and we should evaluate inputs and outputs within acceptable ranges excluded from mathematical model as well.
